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STATIC~-FRESSURE ERROR OF AN AIRSPEED INSTALLATION
ON AN AIRPLANE IN HIGH-SPEED DIVES AND PULL-OUTS
By John A. Zalovcik and Glotaire Wood

SUMMARY

Tests were made 1In high-speed dlves and »null-outs to
determine, by comblned radar-optical tracking equipment,
the static-pressure error of an alrspeed-head installation
on a P-51B alrvlane. The irnstallation included a nitot-
static head mounted on a boom 95 parcent chord uhead of
the leading edge of the wing near the tip. The tests were
made 1n dives at flight Mach numbers up to 0.75 and in-
cluded pull-outs up to hg normal acceleration.

The results lndlcated that the static-pressure error
did not vary wlth Mach number by more than about 1 percent
of the impect pressure over the range of conditlons inves-
tigated.

INTRODUCTION

Flight data on the varliation with Mach number of the
static-pressure error of piltot-statlc-tube installatisns
have generally been limited by the avallable testing tech-
niques to speeds attainable in level flight. Inasmuch as
the maxlmun apeeds 1n level flight for most present-day
alrplanes do not exceed a Mach number of 0.6, the varia-
tion in statlic-pressure error with Mach number beyond this
value has not been obtained hitherto in flight, although
some information 1s avallable from wind-tunnel tests
reported in reference 1.

Tor a recent high-speed investigation of a P-51B alr-
plane, an alrspeed calibration was required in dives and
pull-outs up to a Mach number of 0.75. A method was there-
fore devised for obtaining such a calibration by use of
radar-optical trucking equipment to establish the reference
altltudes. The callbration obtained by this method was




2 ' NACA RB No. IL5K29a

supplemented by data obtained up to high speed in level
flight by a method (described in reference 2), which
makes use of a landmark or another airplane to nrovide
the reference altltude.

The results of these calibrations are believed to be
of general lnterest and are therefore reported nerein.

SYMBOLS
&
D' static pressure indicated by alrspeed 1nstallation
o) free-stream statlc »nressure or atmospherlc pressure
at altitude h
Pg NACA stancdard atmospvheric pressure at altitude h
(from reference 32%)
H free-stream total pressure
Qe free-stresm impact pressure (H - p)
M free-streart Mach number
Cr, alrolane 1lift coefficlent

APPARATUS AND METHOD

Alrplare equipment.- The alrspeed-head installation
of the P-51B alrplane 1s shown 1n figure 1. A Xollsman
type A51B airspeed head (fig. 2) was used and was mounted
95 percent chord ahead of the leading edge of the wing.
The boom supporting the airspeed head was located
85 percent semilspan from the plane of symmetry, at which
station the wing section had a maximun thickness equul
to 12 percent of the chord. Pressure leads from the
statlc~ and total-pressure elements of the alrspeed head
were connected to an NACA alrspeed recorder to measure
impact pressure; the statlic-pressure element was salso
connected to a recordling altimeter.

The airplane was equlipped wlth an NACA sinzle com-
nonent recorcding accelerometer, an NACA chronometric tlmer
to synchronlze all records, and a radio to communicate
the timing signals to the ground equipment.
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Ground eguifgent.- The trackling equlpment used to
establlsh -the- ght -of -the .airplane consisted of a com-
bination of a radar unlt for the determination of range

and a phototheodolite for the determination of the ele-
vation angle. : .

Test procedure.- The flrat step 1n the test procedure
conslsted 1In obtalning a survey in g climb at an indlcated
alrspeed of 175 mliles per hour over a range of altitude
from about 15,000 to 26,000 feet in order to establish
the relation of atmogpheric pressure to actual altitude.
In the survey, at l1ntervals in altitude of approximately
1000 feet, simultaneous records were taken of static
pressure, impact pressure, and normal acceleration in
the airpnlane and of elevation angle and range of the
alrplane wlth the tracking unit. The alrplane was then
Glved to a flight Mach number of 0.75 and pulled out wilth
2g normal acceleration within the range of altitude sur-
veyed; continuous and simultaneous records of static
pressure, lmpact pressvre, normal accelerution, range,
and slevation angle were made durlng these muneuvers. A
second dive was made over the same range of altitude and
Mach number but with a pull-out &t a normal acceleration
of Lg. Aafter the second dive and pull-out the survey in
climb was repeated and was followed by a survey 1in a
descent at the same speed and over the same range of
altitude.

The results of the surveys of atmospheric preasure
are shown 1n figure 3 in which the dlfference between
atmospheric pressure p and standard atmospheric pres-
sure pg 1is plotted agalnst altitude h. The statlc

pressures obtalned in the climbs and during the descent
were corrected to atmospheric pressure by use of the
static-pressure error of the alrspeed installatlon as
determined from a low-speed calibration. This callbration
was made over a range of Mach number from 0.2l to 0.43

by a method (described in reference 2) in which level-
flight runs are made past a landmark or a reference alr-
plane of known pressure sltlitude and a sensltive alti-
meter 1s used tn measure the statlic pressure indlcated by
the alrspeed installation.

The static-pressure error in the dive and pull-out
was found by taklng the difference between the statlc
pressure measured at a given altitude in the dive and
pull-cut and the atmospheric pressure determined from the
pressure surveys at the same altltude. Measurements of
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statlc pressure, lmpact pressure, and normal acceleration
were used to evaluate the Mach number and 1lift coefficlent
corresponding to the determined static-pressure error,

A ground check of the lag of the alrspeed installa-
tion 1ndicated that the effect of lag on the msasurements
was negligible.

RESULTS AND DISCUSSION

The results of the alrspeed callbration made at Mach
numbers of 0.2 to 0.4L3 in level-flight runs past a land-
mark and also past a reference alrplane are pr7sented in
figure li as a plot of statlc-pressure error E_EZ_E

T =C
against alrplane 1ift coefficlent Cy,. The flight Mach
numbers corresnonding to the airplane 1li1ft coefficlents
are nlotted above the curve for static-pressure error.
The static-pressure error was constant over the range of
the test conditions and was 1.8 percent of the impact
pressure.,

The statlc-pressure error determined in the two
high-speed Adlves and pull~-outs by means of the radar-
optical tracking equlipment is plotted in figure 5 agalnst
alrplans 1lift coefficlient for various ranges of Mach
nunber and in filgure 6 against lMach number for various
ranges of glrplane 1lift coefficlent. The results of the
level-flight calibration are also 1lncluded in figures §
und 6. At a 1ift coefficlent of about 0.1, the static-
pressure error showed no variation with Mach number within
the experlimental accuracy. At higher 1lift coefficlents
the static-pressure error showed a tendency to lncrease
slightly with lncreasing Mach numbers; the increase was
of the order of 1 percent of the impact pressure over the
range of Mach number tested. These results are in azroe-
ment with those obtalned from the wind-tunnel tests
reported in reference 1, which indicated that for a
statlic-pressure tube located 55 percent chord or more
shead of an airplane wing the variation of statlic-pressure
error with Mach number was no more than about 1 percent
of the lmpuct »ressure, at least fer Mach numbers from O.A
to 0.8 and for wing thicknesses up to 15 percent chord.
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~ CONCLUSIONS

The calilbration of an alrspeed installation with the
alrspeed head mounted 95 percent chord ahead of the
P-51B airplane wing near the tip indicated that the
static-pressure error did not vary with Mach number by
more than gbout 1 percent of the impact pressure up to
the highest Mach number (0.75) covered 1ln the tests.

Langley Memorial Aeronautical ILaboratory .
National Advisory Commlttee for Aeronautics
Langley Field, Va.
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Figure 1.

- Airspeed head mounted on boom ahead of wing of P-51B airplane.
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Figure 2.- Kollsman type No. 651B airspeed head.

*ON d4 VOVN

®63MG1T

‘314

(4



/2 -
I
© Climb 1
. g glimb i
escen
N2 d
3 S
6L<:j. -
(% GkF__é & L
5 4
?\n NATIONAL ADVISORY
Q o COMMITTEE FOR AERONAUTICS
/4 /6 /8 20 22 24 26 zaX/o"
h £t

]

Figure 3.~ Variation with altitude of the difference between
atmospheric pressure and standard atmospherlc pressure as

determined from surveys.
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Figure 4.- Varlation of static-pressure error with 1ift
coefficlent determined in level flight. Msch number
corresponding to each value of 1lift coefficlent also

shown.



NACA RB No. L5K29%a Fig. Ba-c

O Radar-optical tracking, dive 1
O Radar-~optical tracking, dive 2
— —— Level~flight calibration, M
from 0.24 to O.U43.
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Figure 5.~ Variation of static-pressure error with
airplane 1ift coefficient for several ranges of
Mach number.
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Figo Ga-d
O Radar-optical tracking, dive 1
0 Radar-optical tracking, dive 2
O O ‘lLevel-flight calibration
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Figure 6.- Variation of static-pressure error with Mach

number for several ranges of airplane 1ift coefficient.
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